Sixteen virus isolates with similar biological characteristics were obtained from saltmarsh mosquitoes collected in south Texas in 1974. When compared antigenically, these and 13 other isolates from mosquitoes collected between 1972 and 1979 in west Texas, New Mexico, Louisiana, Colorado and North Dakota were shown to be related but not identical. Three distinct serotypes were determined : Bahia Grande (prototype strain TB4-1054), Reed Ranch (TB4-222) and Muir Springs (76V-23524). When examined by electron microscopy, these three viruses were shown to be rhabdoviruses. Structural analysis of the prototype strain of Bahia Grande virus from Texas revealed five proteins. Comparative oligonucleotide fingerprint maps showed 51 to 86 ~ sharing of the large oligonucleotides between Bahia Grande virus (strain TB4-1054) and 11 other antigenically related isolates but not with Muir Springs virus (strain 76V-23524), an antigenically distinct isolate from mosquitoes collected in Colorado. A serological survey for antibody to Bahia Grande virus showed that humans, cattle, sheep, reptiles and wild mammals from south Texas had neutralizing antibodies to this virus.
INTRODUCTION
During arbovirus field studies in south Texas in 1974, several similar virus isolates were obtained from mosquitoes. Attempts were made to identify these viruses. Serological tests with a comprehensive battery of antibodies prepared with a wide variety of recognized arboviruses and with other viruses were uniformly unsuccessful. When electron microscopic studies showed that the prototype strain was a bullet-shaped virus, additional studies were performed. This paper reports the results of studies to identify and characterize the virus, for which the name Bahia Grande virus is proposed, and to determine its geographical distribution both by serological survey and comparison with other heretofore unidentified viruses with similar biological characteristics. Viral proteins and RNA were analysed and RNase T1 oligonucleotide fingerprints of a number of isolates compared. Results of these biochemical studies are presented and their implications discussed in regard to the natural cycle of the virus. In addition, two other viruses (one from Texas and one from Colorado) were shown to be distinct from but related to Bahia Grande virus and the names Reed Ranch and Muir Springs viruses proposed for them, respectively.
METHODS
Virus isolation, passage and titration. Virus isolation attempts from field-collected mosquitoes were by plaque formation in monolayer cultures of Veto and primary Pekin duck embryo (DE) cells and by intracranial inoculation of suckling mice (SM). For preparation of stock viruses, infected Vero cell monolayers were passed to BHK-21 monolayer cultures and incubated for 72 to 96 h at 37 °C with Dulbecco's modified Eagle's medium (DMEM) containing 2~ foetal bovine serum (FBS). When cytopathic effects (c.p.e.) involved 75 to 100~o of these 0000-6873 cells, the supernatant fluid was decanted, clarified by centrifugation (1600 g for 30 rain at 4 °C), the FBS concentration adjusted to 20~, and aliquots stored at -70 °C.
For biochemical studies, viruses were cloned by picking well-isolated plaques formed in Vero cells grown in 6-well plastic plates. Virus was eluted from the plugs at 4 °C, overnight, in 1 ml DMEM containing 20% FBS. After a single cloning, the virus was passed to confluent monolayers of BHK-21 cells and passed for seed virus as above.
Growth curve. The ability of one strain, TB4-1054, to replicate in serially propagated cultures ofBHK-21, SW-13, Vero, LLC-MK.,, CER, C6/36, PS and DE cells was tested. Virus was inoculated at a multiplicity of 0.1 p.f.u./cell, allowed to adsorb at 37 °C for 1 h, and the culture incubated at 37 °C. Aliquots were taken at intervals of 1 h to 144 h after infection and titrated by plaque assay in Vero cells grown in 6-well plastic plates.
lnjeetion of laboratory animals. Stock virus preparations of strain TB4-1054 were inoculated intracranially in SM and suckling hamsters and subcutaneously in < 18-h-old chickens. SM were sacrificed 1 to 8 days after inoculation, frozen at -70 °C, thawed, and clarified suspensions of their brains titrated in Veto cells by plaque assay. Three chickens, given 5000 p.f.u, of strain TB4-1054, were sacrificed at daily intervals for 10 days after inoculation, and on day 30, and their sera were tested for virus in Vero cells by plaque assay and for serum dilutionplaque reduction neutralizing (N) antibody (Lindsey et al., 1976) .
Electron microscopy. Strains TB4-1054, 76V-23524 and 79V-5816 were inoculated onto confluent monolayers of BHK-21 cells at a multiplicity of 0.1, allowed to adsorb for I h at 37 °C, and incubated for 24 to 48 h at 37 °C in DMEM containing 2~ FBS. When c.p.e, was apparent, the supernatant fluid was discarded, the cells washed with 0-15 M-phosphate buffer, scraped from bottles, and pelleted. The pellet was fixed for 30 rain in cold 2.5 % (v/v) glutaraldehyde in phosphate buffer. Specimens were treated with 1 ~ osmium tetroxide, dehydrated through an ethanol series, and embedded in an Araldite Epon mixture. Sections were stained with uranyl acetate and lead citrate and examined in a Philips EM 200 microscope operating at 60 kV.
In addition, electron microscopy grids were coated with gradient-purified virus suspended in FBS, stained with phosphotungstic acid, coated with carbon, and observed as above.
Serological tests. Antigens were prepared with purified virus (Obijeski et al., 1974) . These were resuspended in 0.4~ bovine serum albumin in borate saline (BABS) pH 9.0, and stored at -70 °C. Hyperimmune mouse ascitic fluids were prepared by the method of Tikasingh et al. (1966) , using infected cell culture supernatant fluid as vaccine. Complement fixation tests were performed by the LBCFs0 technique modified for microtitre (Casey, 1967) .
Purification o/radiolabelled virus. The method of Obijeski et al. (1976) was used with slight modification. Confluent monolayers of BHK-21 cells were infected with cloned stock viruses at a multiplicity of 0.1. The cells were overlaid with DMEM supplemented with 2~ FBS and then either 5 laCi/ml [3H]lysine or [3H]glucosamine or 10 /~Ci/ml [3H]uridine (New England Nuclear) was added 8 to 10 h after infection. The infected cells were incubated for 56 to 72 h at 37 °C, and the supernatant fluids were clarified by centrifugation at 10000 r.p.m, for 30 min at 4 °C. Virus was concentrated by polyethylene glycol precipitation and purified by velocity and isopycnic centrifugation on continuous potassium tartrate-glycerol gradients. Virus bands were diluted two-to fourfold in TN E buffer (0-01 M-Tris, 0.15 M-N aC1, 0.002 M-EDTA, pH 7.6) and pelleted through 30% (w/v) sucrose in TNE by centrifuging at 40000 r.p.m, for 4 h at 4 °C in an SW41 rotor. Virus pellets were resuspended in TNE buffer for RN A analysis or in sample buffer [0-0625 M-Tris, 2 ~ (w/v) SDS, 20 ~ (v/v) glycerol, 5 % (v/v) 2-mercaptoethanol] for protein analysis.
Discontinuous SDS polyacrvlamide gel electrophoresis (SDS-PAGE).
Appropriate amounts of 3H-labelled virus in sample buffer were disrupted by heating to 100 °C in 1% SDS for 1 min; bromophenol blue was added to serve as a tracking dye. Samples were subjected to discontinuous electrophoresis in a slab gel by a method adapted from Laemmli (1970; Obijeski et al., 1974) . The gels were fixed with 5~ perchloric acid, impregnated with EnHance (New England Nuclear) and autoradiographed by using Kodak X-Omat R (XR-5) X-ray film.
Extraction q ['viral RNA. Purified [3H] uridine-labelled virus in TNE buffer was incubated with 500 U proteinase K and 1 ~ (w/v) SDS for 45 min at 37 °C (Hilz et al., 1975 ). The RN A was then extracted by the method of Trent & Grant (1980) . Contaminating residual phenol was removed by twice extracting the sample with half-volumes of petroleum ether.
RNase TI oligonucleotide fingerprint analysis. RNase Tl-resistant oligonucleotides were end-labelled by modifications of the methods of Pedersen & Haseltine (1980) and Trent et al. (1983) . Five to 10 lag of viral RNA was hydrated in 40 ~tl water, heated to 90 °C for 5 min, immediately frozen on dry ice, and lyophilized. The pellet was hydrated in 10 lal TE buffer (10 mM-Tris pH 7.5, 1 mM-EDTA) and digested with 5 U RNase T1 (Calbiochem) at 37 °C for 90 min. Ten lal polynucleotide kinase reaction mixture [50 mM-Tris-HC,-~pH 7.5, 15 mM-MgCI2, 5 mMdithiothreitol, 2 mra-spermidine, 50 to 70 laCi 32P-labelled ATP (New England Nuclear), 8 U polynucleotide kinase (New England Nuclear)] was added to the digested RNA and incubated for 30 min at 37 °C. The reaction was terminated by the addition of 20 lal 0-6 M-ammonium acetate. Yeast carrier tRNA (100 lag) was added and the mixture precipitated with 2.5 vol. ethanol at -70 °C. Two-dimensional PAGE of the 32P-labelled RNase T1-resistant oligonucleotides was performed according to DeWachter & Fiers (1972) , as modified by Lee etal. (1979) . Fingerprints were visually compared and analysed as described by Trent et al. (1981) . Aedes taeniorhynchus 24-8-78 Brownsville, Tx.
78V-10917
Aedes sollicitans 23-8-78 Brownsville, Tx.
78V-11973
Aedes sollieitans 23-8-78 Brownsville, Tx.
78V-12008
Aedes taeniorhynchus 23-8-78 Brownsville, Tx.
79V-5816
Aedesflavescens 28-8-79 Belcourt, N.D.
* Not re-isolated from original material.
RESULTS
Sixteen virus strains were isolated from mosquitoes collected near Brownsville, Texas, in 1974. In original isolation attempts, these isolates formed plaques in Vero but not in DE cells. Plaques appeared 5 to 7 days after inoculation and were 1 to 2 mm in diam. The records of the Centers for Disease Control show 13 additional strains with similar characteristics (plaque formation in Veto but not DE cells, non-pathogenic for SM). The mosquito species from which the 29 strains were obtained and the dates and locations of collections are listed in Table 1 . Strain TB4-1054 was selected as a prototype for these 16 strains because it consistently formed uniform and discernible plaques and replicated to high titre in Vero cells. Stock virus strain TB4-1054 did not cause signs of illness in suckling (2-to 4-day-old), weaned (3-week-old) or adult (6-week-old) mice, suckling hamsters or < 18-h-old chickens. Virus replication was not detected in SM brain or in blood from chickens inoculated as newborns and bled at intervals after inoculation. N antibody was not detected in mice or chickens bled 30 days after inoculation.
Cross-N tests with all viable isolates demonstrated the identity of strain TB4-1054 with all strains except 76V-23524 and TB4-222. These three isolates were cross-tested by both complement fixation (CF) and N ( Table 2 ). The results indicated that the three isolates are distinct from each other but, because they are related, form an antigenic complex.
Strains TB4-1054, 76V-23524 and 79V-5816 were shown to be rhabdoviruses by electron microscopy. They are bullet-shaped, 60 by 149 nm, and enveloped. Viral matrices accumulate in cytoplasm, are assembled at plasma and intracytoplasmic membranes, and are found as mature virions on the endoplasmic reticulum as well as the plasma membrane. Late in infection (48 h), nearly crystalline arrays of virus particles were seen in the cytoplasm. Strain TB4-1054 is stable at pH 3.0 to 10.0 but not at pH 2.0 and is sensitive to the delipidizing effects of 1 : 1000 sodium deoxycholate (6.3 loglo p.f.u./ml before treatment, < 3.3 log~o p.f.u./ml after treatment). Strains TB4-1054 and 76V-23524 were tested by both CF and N and were found to be unrelated to the following rhabdoviruses: Almpiwar, Aruac, Bangoran, Barur, bovine ephemeral fever, Chaco, Chandipura, Charleville, Cocal, Connecticut, Cuiaba, Dakar A,94, Duvenhage, Flanders, Gossas, Gray Lodge, Hart Park, Inhangapi, Isfahan, Joinjakaka, Jurona, Jug Bogdanovac, Kamese, Kern Canyon, Keuraliba, Kimberley, Klamath, Kotonkan, Kununurra, Kwatta, Lagos Bat, La Joya, Le Dantec, Marco, Mokola, Mosqueiro, Mossuril, Mount Elgon bat, Navarro, New Minto, Obodhiang, Parry Creek, Perinet, Piry, Poona, Porton-S, rabies, Sawgrass, Tibrogargan, Timbo, vesicular stomatitis virus (VSV) Alagoas, VSV Indiana and VSV New Jersey.
HIAF for strain TB4-1054 reacted in CF tests with sucrose-acetone antigen prepared from the brains of SM infected with strain AG83-1347, a recently isolated virus from mosquitoes collected in Argentina and antigenically distinct from but related to rhabdoviruses, Jurona, Perinet, Porton-S, Obodhiang and Kwatta.
A serological survey was conducted using strain TB4-1054 and sera from humans, wild mammals, cattle, sheep and reptiles. Twenty-one of 860 (2.4~) adult humans from the Brownsville, Texas, area, 7/40 (17-5 ~) cattle; 4/35 (11.4%) sheep and 1/100 (1%) reptiles had N antibody. Of 464 sera collected from 378 individual wild mammals, seven had N antibody. Five of the seven were from a collection of sera from 200 Southern Plains wood rats (Neotoma micropus), including one which seroconverted (< 2 to 40) (Fig. 1) . Structural analysis by PAGE revealed that TB4-1054 virus contains three major proteins ( Fig.  2) with apparent mol. wt. of 77000 (77K), 72K and 53K. In some experiments, two fainter proteins of 22K and 9K were also observed. Incorporation studies with radiolabelled glucosamine indicated that only the 77K protein is glycosylated and, therefore, corresponds to the G glycoprotein of other rhabdoviruses (Tesh et al., 1983) . The relationship of the other viral proteins to those of VSV Indiana and other rhabdoviruses is less clear. Preliminary experiments with detergent extractions revealed that the 53K protein is membrane-bound and may correspond to the M protein of VSV Indiana (data not shown). The 72K protein is not solubilized by detergent and, therefore, is probably the nucleocapsid (N) protein. The structural functions of the 22K and 9K proteins are unknown; they may represent contaminating cellular, rather than viral, components. • Vero;
Twelve of the isolates were compared with strain TB4-1054 by oligonucleotide fingerprint mapping (Table 3) . Fig. 3 illustrates representative comparisons of TB4-1054 with two serologically identical isolates, TB4-1067 from Texas and 79V-5816 from North Dakota, and with a serologically distinct but related virus, 76V-23524, from Colorado.
Comparison of the fingerprint maps showed that 51 to 86% of the large oligonucleotides are shared by strain TB4-1054 and 1 l other isolates. The oligonucleotide map of strain 76V-23524 was distinct from that of the prototype strain TB4-1054, as expected from its distinct antigenicity.
DISCUSSION
Twenty-three virus isolates were shown to be antigenically related to strain TB4-1054. Virus isolates were from Aedes, Anopheles, Psorophora and Culex mosquito species collected between August 1972 and August 1979 in New Mexico, Texas, Colorado and North Dakota. One isolate with similar biological characteristics (72V-1043, Shreveport, Louisiana, Cx. erraticus), not available for study, might be the earliest isolate recognized. From the results reported here, 22/24 strains were serologically identical to strain TB4-1054 but showed genomic differences comparable to those previously found within topotypes of alphaviruses and flaviviruses (Trent & Grant, 1980; Trent et al., 1981 Trent et al., , 1983 ). This genetic diversity may reflect subtle differences not -23524 (g, h) . Filled circles denote oligonucleotides not shared with TB4-1054. (1983) have reported that the former three are vesiculoviruses and that Obodhiang is a member of the rabies serogroup of lyssaviruses. That these viruses were isolated only in Veto cells and not in DE cells or SM probably precludes the isolation of many additional strains in the future since most laboratories use either or both of the last two systems for isolating viruses. This would be unfortunate since there undoubtedly are many more viruses like these circulating in nature that have not yet been isolated and studied.
Although humans, cattle, sheep, Southern Plains wood rats, and opossums were shown to have antibody to prototype Bahia Grande virus, its significance as an agent of disease is unknown. The virus has been isolated from January to September with seroconversion of one wood rat between the end of February and mid-April 1974, and the number of isolates has been relatively large. These facts indicate that Bahia Grande virus is transmitted over a wide geographical area, that it may persist in areas with year-round or early mosquito activity, such as south Texas, that it utilizes small, and perhaps large, mammals as vertebrate hosts, and that it is transmitted by a wide variety of mosquitoes. That Bahia Grande virus has been isolated from salt-marsh mosquitoes may indicate a collection bias or, intriguingly, may indicate its use of alternative vertebrate hosts in natural transmission cycles. ( Received 19 September 1985) 
